Criteria that define optimum body size of replacement heifers are required by commercial dairy producers to evaluate replacement heifer management programs. Historically recommended body size criteria have been based on live BW measurements. Numerous research studies have observed a positive relationship between BW at first calving and first lactation milk yield, which has served as the impetus for using live BW to define body size of replacement heifers. Live BW is, however, not the only available measurement to define body size. Skeletal measurements such as wither height, length, and pelvic area have been demonstrated to be related to first lactation performance and(or) dystocia. Live BW measurements also do not define differences in body composition. Differences in body composition of replacement heifers at first calving are also related to key performance variables. An updated research data base is available for the modern Holstein genotype to incorporate measures of skeletal growth and body composition with BW when defining body size. These research projects also lend insight into the relative importance of measurements that define body size of replacement heifers. Incorporation of these measurements from current research into present BW recommendations should aid commercial dairy producers to better define replacement heifer growth and management practices. This article proposes enhancements in defining optimum body size and growth characteristics of Holstein replacement heifers.
Introduction
Holstein replacement heifers should calve and enter the milking herd at 22 to 24 mo of age (Heinrichs and Swartz, 1990; Crowley et al., 1991) . Replacement heifers should be of adequate body size by 22 to 24 mo of age to ensure acceptable first lactation performance and minimize dystocia . Body size of replacement heifers is generally characterized as live BW. Numerous studies (Clark and Touchberry, 1962; Fisher et al., 1983; Hardville and Henderson, 1966; Keown and Everett, 1986; Lin et al., 1987) have observed a positive relationship between BW at parturition and first lactation milk yield. In an evaluation of 305,000 age-adjusted records, Keown and Everett (1986) observed optimal first lactation milk yield when Holstein replacement heifers weighed 590 to 635 kg at calving. documented that replacement heifers in high yielding (> 10,000 kg of milk) Holstein herds are reared to 616 kg before calving, which supports the findings of Keown and Everett (1986) . From research observations (Keown and Everett, 1986; , field recommendations (Waldo et al., 1989) are made suggesting Holstein replacement heifers should weigh 580 to 635 kg at calving. These recommendations have provided valuable information, but the use of live BW as the sole criterion to define optimum size of Holstein replacement heifers has limitations. First, methods to assess BW of replacement heifers at calving are not standardized. Body weight at first calving determinations are made prepartum (Grummer et al., 1995) , postpartum (Yerex et al., 1988) , and 30 to 45 d postpartum (Moore et al., 1991) and are collected by scale , estimated via heart girth (Heinrichs and Hargrove, 1987) , or estimated (Moore et al., 1990) . Differences in BW collection methods make comparison of data between trials and construction of field recommendations difficult. Secondly, use of a single BW criterion to define optimum size of replacement heifers does not incorporate genetic variance of BW. Third, composition of BW may not be consistent between replacement heifers even when BW is similar. Evidence from current experiments (Lacasse et al., 1993; Waltner et al., 1993; Grummer et al., 1995) , albeit limited, suggests that body composition of replacement heifers at calving influences first lactation milk yield. It is the intent of this article to review relationships between body size of Holstein replacement heifers and lactation performance and, where possible, offer methods to improve definition of body size.
Defining Body Size: Critical Factors
Measurement. The time or age at which body size or BW of replacement heifers is measured has an influence on the value of the measured variable. As previously discussed, BW measurements of replacement heifers at parturition are made both pre-and postpartum. Prepartum BW is elevated due to weight of fetus and fetal tissue and overrepresents true BW of the replacement heifer. Postpartum BW is influenced by milk yield, gut fill, and weight loss associated with negative energy balance. Data from the United States and Canada that measured pre-and postpartum BW of Holstein replacement heifers is presented in Table  1 . The average prepartum ( 0 to 14 d ) and postpartum ( 0 to 7 d ) BW of Holstein replacement heifers in seven studies were 621 and 559 kg, respectively. Parturitioninduced BW loss averaged 9.9%, and BW measured 30 to 45 d postpartum was 16.1% lower than prepartum BW.
Body weight data in Table 1 were derived from research trials, in which BW was determined via scale. In practical management situations, BW of replacement heifers is estimated from heart girth measurements due to the lack of scales on commercial dairy farms. Problems occur with estimation BW from heart girth measurements, because equations or calibrated weigh tapes used may be based on old Holstein genotypes (Ragsdale, 1934) or different breeds (Sorensen and Foldager, 1991) . published equations to predict BW of Holstein replacement heifers from various body measurements. Quadratic equations developed by Heinrichs et al. (1992) reliably ( R 2 > .96) estimate BW of U.S. Holstein replacement heifers from heart girth, wither height, hip width, or body length (Table 2) . Modern calibrated weight tapes for Holstein replacement heifers are developed from BW, heart girth relationship defined by Heinrichs et al. (1992) . Other measurements such as wither height, length, hip width, and pelvic area are also used to define body size of Holstein replacement heifers. These measurements attempt to define skeletal size and may reflect true size of replacement heifers better than BW because BW is influenced by pregnancy and body condition. Skeletal size or frame development is often emphasized as a key factor in replacement heifer rearing programs (Crowley et al., 1991) . Skeletal size recommendations are generally unitless and empirical, but evidence points to their importance. Markusfeld and Ezra (1993) demonstrated that wither height of Holstein replacement heifers at first calving was a better determinant of peak and 305-d first lactation milk yield than BW. Similar results were observed by Sieber et al. (1988) , who observed stronger relationships between first lactation milk yield and paunch girth, wither height, chest depth, or pelvic width as compared with BW.
These data (Seiber et al., 1988; Markusfeld and Ezra, 1993) suggest measures of skeletal size be included when defining body size of Holstein replacement heifers. Many Holstein replacement heifer growth guidelines (Heinrichs and Swartz, 1990; Crowley et al., 1991; include wither height with BW as a method to evaluate skeletal growth. Wither height data from recent experiments (Heinrichs and Hargrove, 1987; Heinrichs et al., 1996) and calculated wither height by the quadratic equation of Heinrichs et al. (1992) are presented in Figure 1 . Data presented in Figure 1 are robust and represent >15,000 wither height and BW measurements from state (Heinrichs and Hargrove, 1987; and national (Heinrichs et al., 1996) replacement heifer evaluation projects. Wither height BW relationships are similar between Hoffman et al.
(1992), Heinrichs and Hargrove (1987), and Heinrichs et al. (1996) and those predicted by the quadratic equation of Heinrichs et al. (1992) . Data suggest BW to wither height ratios of Holstein replacement heifers are well defined and wither height can be accurately predicted from BW.
Defining other skeletal growth criteria such as length, hip width, paunch girth, or chest depth is difficult due to limited data. Of these measurements, length has the greatest potential for use as a second measure of skeletal growth. Length measurements collected by Meinert et al. (1992) , Steen et al. (1992) , Daccarett et al. (1993) , and Bortone et al. (1994) and calculated length by the quadratic equation of Heinrichs et al. (1992) are presented in Figure 2 . The equation of Heinrichs et al. (1992) accurately predicts length of Holstein replacement heifers measured in controlled research studies from 100 to 500 kg but seems to overpredict length when heifers are >500 kg. The equations of Heinrichs et al. (1992) were developed with relatively few length measurements taken from replacement heifers weighing >500 kg, which could account for the prediction discrepancy when BW >500 kg. A best fit ( R 2 > .99) quadratic length prediction equation was developed for the data of Meinert et al. (1992) , Steen et al. (1992) , Daccarett et al. (1993) , and Bortone et al. (1994) and is also presented in Figure 2 . The best fit equation in Figure 2 and the equation of Heinrichs et al. (1992) can both serve as reasonable estimates of Holstein replacement heifer length, especially when BW <500 kg.
Pelvic area is negatively correlated to dystocia (Stevenson and Call, 1988) and is another measure that has merit in defining skeletal growth of replacement heifers. Hoffman et al. (1996) observed a low incidence of dystocia when prepartum pelvic area was 260 to 270 cm 2 . Daccarett et al. (1993) and Bortone et al. (1994) observed similar pelvic areas in prepartum Holstein replacement heifers that were similar in age and BW to those measured by Hoffman et al. (1996) . Measurement of pelvic area is relatively easy and is one of the least variable measurements performed on live animals (Brody, 1945) . Pelvic area measurements could augment defining optimum body size.
Genetics. Replacement heifer growth recommendations (Clapp, 1979; Waldo et al., 1989) are commonly based on single BW or wither height criterion at a corresponding age. These recommendations are useful but do not incorporate genetic differences of body size. Heritability (Lee et al., 1992; Moore et al., 1992) of BW at first calving is relatively high ( h 2 = .23 to .37) compared with other selection traits, and inclusion of genetic variance could yield more reliable replacement heifer growth recommendations.
To account for genetic variation of body size, authors (Heinrichs and Swartz, 1990; Crowley et al., 1991) have proposed acceptable BW and wither height ranges for Holstein replacement heifers at corresponding ages. Body weight and wither height ranges defined by Crowley et al. (1991) were estimated and were not based on research data that evaluated genetic variance (W. T. Howard, Madison, WI, personal communication). Wither height and BW ranges proposed by Heinrichs and Swartz (1990) were constructed from field survey data (Heinrichs and Hargrove, 1987) . The lower range was established using average BW and wither heights of Holstein replacement heifers (calving age, 26.4 mo) in commercial dairy herds. One phenotypic SD of BW or wither height was added to the lower range to establish the upper range.
Using this technique, BW of Holstein replacement heifers at first calving were determined to be optimum between 516 and 588 kg. The technique used by Heinrichs and Swartz (1990) , however, may not truly define genetic variance of BW and wither height for the current Holstein genotype. First, the lower BW and wither height recommendations were established from commercial dairy herds with calving ages >24 mo. Growth required to achieve optimum BW (580 to 635 kg) at first calving is not represented by the lower range recommendations. Second, a phenotypic SD was used to establish the upper range, which includes environment and genetic variance.
Establishing genetic variance of body size variables for replacement heifers is difficult and has not been extensively investigated. Body size variables at first calving from a herd of Holstein cows bred for either high production and large size or high production and small size were examined by Yerex et al. (1988) . After three generations, breeding for size had no effect on first lactation milk yield, but primiparous cows ( 7 d postpartum) differed in BW (50.2 kg), wither height (5.6 cm), and length (6.4 cm).
Minnesota investigators have continued this breeding project, and after subsequent generations, variance in body size variables in primiparous cows has remained similar to those reported by Yerex et al. (1988) (Les Hanson, St. Paul, MN, personal communication) .
The data of Yerex et al. (1988) are supported by Tveit et al. (1991) , who observed genetic and phenotypic SD of BW at calving to be 29.7 and 43.6 kg, respectively. The specific breed of cattle was unidentified by Tveit et al. (1991) , but data reaffirm that genetic variation of BW at calving is less than phenotypic variation. Similar relationships of genetic variations of BW were also reported for Holsteins by Moore et al. (1990) and Robinson et al. (1980) . These data (Yerex et al., 1988; Moore et al., 1990; Tveit et al., 1991) reinforce that phenotypic variance of replacement heifer body size variables should not be used to establish ranges in replacement heifer growth recommendations because phenotypic variance overestimates genetic variance.
Establishment of a normal genetic range of body size variables for the current genotype of Holstein replacement heifers raised under ideal management conditions is important for two reasons. First, genetic variance of body size is normal and variance of body size at first calving due to genetics has not been demonstrated to influence first lactation milk yield (Yerex et al, 1988; Moore et al., 1991; Lee et al., 1992) . Secondly, establishment of a normal genetic range of body size variables for replacement heifers by default defines an abnormal range. An abnormal range of body size variables defines less than ideal replacement heifer management.
Body Composition. Body composition of dairy cattle is known to influence lactation performance and animal health (Waltner et al., 1993) . Body composition of replacement heifers before puberty has been demonstrated (Sejrsen et al., 1982; Harrison et al., 1983) to be associated with secretory tissue development and future milk yield. The effects of high energy planes of nutrition prepuberty on body and mammary tissue composition have been extensively reviewed (Waldo et al., 1989; Heinrichs, 1993) and will not be reexamined in this article.
Body composition of replacement heifers at first calving has been less extensively investigated, but evidence from current experiments (Lacasse et al., 1993; Waltner et al., 1993; Grummer et al., 1995; Hoffman et al., 1996) suggests that body composition at first calving influences lactation performance and animal health. Evidence from these experiments also suggests that these influences are independent of factors associated with prepuberty mammary development. (Waltner et al., 1993) . Grummer et al. (1995) investigated the effects of body composition of replacement heifers at first calving on lactation performance by feeding a standard or high-energy diet from 19.0 mo of age until parturition (24.7 mo). Feeding high-energy diets prepartum increased BW (694 vs 664 kg) and body condition scores (3.72 vs 3.55) at calving but did not increase first lactation performance. Feeding high energy diets resulted in higher postpartum concentrations of blood NEFA, BHBA, and liver triglycerides, indicating greater fat mobilization. Postpartum DMI of replacement heifers fed high energy prepartum also tended to be lower than heifers fed standard diets prepartum. Grummer et al. (1995) concluded that increasing BW and body condition scores at calving above 660 kg or 3.5, respectively, were unwarranted. Grummer et al. (1995) also warned that elevation of NEFA, b-hydroxybutyrate, and liver triglycerides may predispose primiparous cows to a higher incidence of metabolic disorders.
Data of Lacasse et al. (1993) are similar to those of Grummer et al. (1995) . Lacasse et al. (1993) fed replacement heifers either high-energy or standard diets from 12 mo of age until 3 mo before parturition. At 3 mo before parturition, heifers from both feeding groups were fed either high-energy or a standard diet from 3 mo to 14 d prepartum. The feeding regimens resulted in four treatments (high-high, high-standard, standard-high, standard-standard). Prepartum BW and body condition scores for the four treatments were 643, 609, 642, 598 kg and 4.05, 4.05, 4.15, 3.85, respectively. First lactation milk yield was not affected by treatment. Feeding high-energy diet from 3 mo until 14 d prepartum resulted in increased days to first estrus. Feeding high-energy diet from 12 mo of age until 3 mo prepartum increased the incidence of displaced abomasum. Heifers fed high energy diets from 12 mo of age until 14 d prepartum had the lowest DMI and milk yield 1 to 10 wk postpartum.
The data of Lacasse et al (1993) also suggest that there is no productive benefit of rearing Holstein replacement heifers with body condition scores (prepartum) >3.8.
In the studies of Grummer et al. (1995) and Lacasse et al. (1993) , first lactation milk yield of Holstein replacement heifers with higher body condition scores was not significantly different, but tended to be lower wk 1 to 8 of lactation. The trends observed by Grummer et al. (1995) and Lacasse et al. (1993) are supported by Waltner et al. (1993) . Waltner et al. (1993) evaluated relationships between body condition score at first calving and first lactation milk yield. Waltner et al. (1993) observed a quadratic relationship between body condition score and 90-d first lactation milk yields (Figure 3) . Milk yield potential increased rapidly when body condition scores increase from 1 to 3 and reached a plateau at 3.5. When body condition scores were >3.5, 90-d first lactation milk yield decreased.
The combined data of Lacasse et al. (1993) , Waltner et al. (1993) , and Grummer et al. (1995) suggest that excessively conditioned Holstein replacement heifers are not of productive benefit and that excessive conditioning results only in an increased potential for metabolic problems.
Differences in body composition can be also be present when replacement heifers calve at the same BW but at different ages. Higher-energy diets are required to achieve similar calving BW at a younger age, and higher-energy diets will result in increased body protein deposition, but body protein deposition becomes proportionately less than that of fat (Waldo et al., 1989) . This concept was investigated by Hoffman et al. (1996) , who fed Holstein heifers control or accelerated diets containing 62.5 or 68.5% TDN from 10 mo until parturition. Replacement heifers fed accelerated diets calved earlier (21.7 vs 24.6 mo) at a similar prepartum BW (643 vs 651 kg) and had higher body condition scores (3.7 vs 3.5). Replacement heifers fed accelerated diets were shorter at the withers and mobilized more body fat from 10 d prepartum to 7 d postpartum, resulting in lower postpartum ( 7 d ) BW. Cows fed accelerated diets prepartum maintained lower BW throughout first lactation and had lower yields of milk fat, milk protein, and 4.0% fat-corrected milk.
The data of Hoffman et al. (1996) suggest replacement heifers with similar prepartum BW will not always result in similar first lactation milk yield. As previously discussed, factors associated with skeletal size and body composition also need to be considered in assessing whether body size of replacement heifers is optimum.
Studies discussed in this section (Lacasse et al., 1993; Waltner et al., 1993; Grummer et al, 1995; Hoffman et al., 1996) used body condition scores as an indicator of body composition. Other methods to determine body composition of replacement heifers, such as composition quantification of slaughtered animals (Waldo et al, 1989) , urea space (Meinert et al., 1992) , and ultrasound (Steen et al., 1992) , have also been used. Body composition on slaughtered animals, while quantifiable, does not allow for subsequent collection of milk yields. The validity of urea space or ultrasound to estimate body composition is beyond the scope of this review, but use of these techniques in trials specifically designed to measure the effects of body composition on milk yield may yield useful data. To date, such experiments have not been conducted.
Altering Body Size and Composition
Body size of replacement heifers could be altered by genetic selection because the heritability of body size of replacement heifers at first calving is high (Lee et al., 1992) relative to other selection traits. Genetic selection could alter body size in a few generations, and selection for smaller replacement heifers at first calving could potentially increase feed efficiency (Sieber et al., 1988) without compromising milk yield (Yerex et al., 1988) . At present, no traits specific to replacement heifer body size or composition are progeny tested in dairy breeds. Development of replacement heifer body size and composition selection traits could be of benefit to commercial dairy producers, provided selection for these traits did not influence genetic progress for other traits such as milk yield.
Altering body size or calving age by manipulating dietary energy has not lead to significant advancements in replacement heifer management. Decreasing dietary energy decreases growth rate and correspondingly decreases BW at first calving, which has been demonstrated to decrease milk yield (Keown and Everett, 1986) . Increasing dietary energy and increasing growth rate and correspondingly increasing prepartum BW above approximately 625 kg has been demonstrated to be of no practical benefit (Lacasse et al., 1993; Grummer et al., 1995) . Age at puberty can be decreased by feeding higher energy levels, thereby allowing early breeding and calving (Gardner et al., 1977) , but mammary development and milk yield may be impaired (Sejrsen, 1978) . Replacement heifers can be fed modest energy levels prepuberty, be bred early (<12 mo of age) and fed high energy diets postpuberty, but problems associated with body composition at calving may reduce milk yields (Hoffman et al., 1996) . These problems have led investigators to seek replacement heifer management strategies that increase growth without increasing body fat. One investigated strategy is inclusion of undegraded intake protein ( UIP) in replacement heifer diets. Steen et al. (1992) fed Holstein replacement heifers from 9 to 20 mo of age hay and a concentrate mixture containing either 32 or 42% of CP as UIP.
Average daily gain and feed efficiency of heifers was not improved by feeding additional UIP. Feeding UIP had no effect on body fat, body protein, or skeletal development of Holstein replacement heifers at the conclusion of the trial (20 mo of age). Tomlinson et al. (1990) fed four levels of UIP (55, 50, 43, and 31% of CP) to Holstein replacement heifers and observed increased feed efficiency when dietary UIP was increased. Body composition of heifers, estimated by urea space measurements, was not altered by feeding additional UIP.
Data of Steen et al. (1992) and Tomlinson et al. (1990) are representative of other UIP investigations in replacement heifers. Increasing dietary UIP concentration has improved growth of replacement heifers in some studies (Amos, 1986; Casper et al, 1994) but not in others (Smith et al., 1985; Mantysaari et al., 1989; Van Amburgh et al., 1992; Bethard et al., 1995) . To date, studies investigating increased UIP content of replacement heifer diets have not observed consistent improvements in growth characteristics. Inclusion of UIP or specific protected amino acids in replacement heifer diets may become more viable as a greater understanding of amino acid requirements of growing ruminants is developed (Merchen and Titgemeyer, 1992) .
Increasing UIP content of replacement heifer diets attempts to increase protein supply to the small intestine, resulting in increased body protein accretion. The merits of this hypothesis will not be debated in this article, but another method to alter body size or composition is to alter body protein demand. Nutrient partitioning agents such as bovine somatotropin ( bST) have been demonstrated to increase growth and body protein accretion without increasing body fat in growing ruminants (Early et al., 1990; Neathery et al., 1991) . administered 20 to 40 mg/d of recombinant bST to Holstein replacement heifers during the last trimester of gestation. Feed efficiency was improved and milk yield was 19% higher in heifers administered 20 mg/d of bST prepartum as compared with no bST administration. could not ascertain whether bST improved milk yield through improved body composition or mammogenic stimulation, which has been demonstrated in other trials (Sejrsen et al., 1986) . The economic and productive potential of bST to alter growth, body composition, and subsequent milk yield of replacement heifers warrants further investigation.
Optimum Body Size
In this article the term "optimal" is somewhat misnamed, because a specific set of body size criteria for Holstein replacement heifers may not be applicable to all management situations. Optimal body size can be defined only in the context that research measurements provide. Periodic compilation of this research is necessary because replacement heifer growth criteria are required by commercial dairy producers to make informed management decisions. This section attempts to define body size criteria for present genotypes of United States and Canadian Holstein replacement heifers calving at 24 mo of age and is based on available research and field survey data. Body size criteria for the current genotype of U. S. and Canadian Holstein replacement heifers was determined by the following methods and is presented in Table 3 . The breed average optimal prepartum BW was determined to be 620 kg. The premise for this determination (620 kg) was as follows; it is representative of prepartum BW (621 kg) observed in recent experiments (Table 1) , it is the approximate midpoint of the BW range (590 to 635 kg), which optimized first lactation milk yield as defined by Keown and Everett (1986) , and it is representative of prepartum BW (616 kg) of Holstein heifers in highproducing dairy herds . A genetic range of optimum prepartum BW was derived from the data of Yerex et al. (1988) , who observed a 50-kg weight difference at calving between replacement heifers bred for large or small size. To represent upper and lower ranges of optimum prepartum BW, one-half (25 kg) of this difference was added to or subtracted from 620 kg. The range of prepartum BW was therefore established to be optimum between 645 and 595 kg. Calf BW was determined to be 42 kg (Clapp et al., 1979) , and weaning was assumed to occur at 2 mo of age at 84 kg (Crowley et al., 1991) . Linear BW growth was calculated for both ranges from weaning ( 2 mo, 84 kg) to 645 and 595 kg (prepartum). Linear growth rates were used because there is no evidence from field surveys (Heinrichs and Hargrove, 1987; to suggest that high-yielding primiparous cows are reared on nonlinear growth planes. This approach ignores the potential to improve prepuberty secretory tissue development by decreasing prepuberty growth rates as proposed by Waldo et al. (1989) . Prepuberty growth rates ( 2 to 10 mo) are 836 and 792 g/d for upper and lower ranges and are above upper limits defined by Waldo et al. (1989) . Average daily gains of approximately 800 g/d, however, have not been demonstrated to be detrimental to milk yield or mammary development in recent experiments Grieve, 1990, 1992; Head et al., 1991; Singh et al., 1991; Radcliff et al., 1995) . Use of linear growth rates also ignores compensatory feeding regimens proposed by Park et al. (1987) . Compensatory feeding regimens (Park et al., 1987) have been demonstrated to improve feed efficiency and first lactation milk yield, but employment of these strategies under field conditions without specific guidelines may be difficult.
Wither height criteria of Holstein replacement heifers were calculated (Table 3 ) by the algebraic inverse of the quadratic equation to predict BW from height in Table 2 . Predicted wither heights in Table 3 are in close agreement with measured (Heinrichs and Hargrove, 1987; wither heights. Body lengths were calculated using the best fit equation defined in Figure 2 and are in agreement with body lengths observed in controlled studies (Meinert et al., 1992; Steen et al., 1992 : Daccerett et al., 1993 Bortone et al., 1994) . Body condition scores of are also presented in Table 3 . Wither heights and BW observed by are similar to those defined in Table 3 , and corresponding body condition scores should be appropriate. Optimum body condition score at calving was determined to be 3.5, which is in agreement with Waltner et al. (1993) . Postpartum BW 7 and 30 d postpartum were calculated by reducing prepartum BW 9.9 and 16.1%, respectively (Table 1 ). An estimate of desirable (Daccerett et al., 1993; Bortone et al., 1994; Hoffman et al., 1996) prepartum pelvic area is also presented in Table 3 .
Body weight and wither height ranges presented in Table 3 are similar to the 75th percentile of BW and wither heights of Holstein heifers on commercial dairy farms in the United States (Heinrichs et al., 1995) . A true interpretive comparison between body size variables presented in Table 3 and the data of Heinrichs et al. (1995) cannot be made because calving ages of Holstein replacement heifers measured by Heinrichs et al. (1996) are not defined. Data of Heinrichs et al. (1995) , however, do suggest that heifer body size variables presented in Table 3 are currently being achieved by commercial dairy producers.
Differences between BW and wither heights represented by the upper and lower ranges in Table 3 for older Holstein heifers (>18 mo of age) are consistent with research literature (Yerex et al., 1988; Robison et al., 1980; Tveit et al., 1991) . After removing environmental effects, Robison et al. (1980) , however, observed standard deviations of 25.5 and 28.6 kg for 6-and 12-mo-old Holstein replacement heifers. Proposed differences in BW at 6 and 12 mo of age in Table 3 are 9 and 23 kg, respectively, which are lower than the observations of Robison et al. (1980) . Data of Robison et al. (1980) are from a single experimental herd involving 27 observations. Although limited, the data of Robison et al. (1980) suggest that the ranges of body size variables presented in Table 3 may be too narrow when Holstein replacement heifers are >12 mo of age.
Finally, Table 3 defines ranges of replacement heifer growth to the recommended calving age of 24 mo. Current research projects (Van Amburgh et al., 1994; Hoffman et al., 1996) suggest that calving age can be reduced to 22 mo of age without extreme negative influences on milk yield and animal health. Currently there are few commercial dairy producers calving replacement heifers at <23 mo of age Heinrichs and Vazquez-Anon, 1993), but Table 3 could be easily adapted to represent younger calving ages if desired.
Implications
This article has attempted to define optimum body size of Holstein replacements as well as research data would allow. It is understood that optimum body size is misnamed, but assimilation of replacement heifer growth criteria is periodically needed so commercial dairy producers have a reference to evaluate replacement heifer management. Critically lacking is research information on the influence of genetics on replacement heifer growth, feed efficiency, body composition, and, ultimately, body size.
